PATENT 

Attorney Docket No. 944-003.108 


IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
U.S. PATENT APPLICATION 
OF 

JARI MELAVA 

FOR A 

FRACTIONAL MULTI-MODULUS PRESCALER 


I hereby certify that this document is being deposited with the United States Postal Service on this 
date, September 26, 2001 . in an envelope marked as, and with sufficient postage as, "Express 
Mail - Post Office to Addressee," Mailing Label No. EL7625421 16US . addressed to the Assistant 
Commissioner for Patents, Washington, DC 20231 . 

Jennifer Hanlonj' ' 


PATENT 

Attorney Docket No. 944-003.108 
FRACTIONAL MULTI-MODULUS PRESCALER 

Technical Field 

The present invention relates generally to frequency synthesis and multi-modulus 
5 prescalers and deals more particularly with a phase-switching fractional multi-modulus 

prescaler. 

Background of the Invention 

Prescalers are used in the feedback loop between the output of a voltage- 

10 controlled oscillator (VCO) and the phase frequency detector in phase locked loop 

frequency synthesizers to generate higher frequencies. A multi-modulus prescaler is one 
in which the division ratio can be switched among the multiple division ratios by an 
external control signal to extend the upper frequency range of the synthesizer but still 
allow the synthesis of lower frequencies. For example, a four-modulus prescaler offers 

1 5 four different scaling factors and two control signals are required to select one of the four 

different scaling factors. 

A disadvantage of multi-modulus prescalers is that unwanted spurious 
frequencies are generated by the operation of the multi-modulus. These unwanted 
spurious frequencies are generally located around the desired frequency, which adds 

2 0 noise to the loop. The generation of spurious frequencies is undesirable; particularly 
when the phase locked loop frequency synthesizer is used as a local oscillator in a 
communication system, particularly multi-user, radio communication systems such as, 
for example, cellular communication systems. 

Another disadvantage of multi-modulus prescalers is the limitation on speed at 

2 5 the system level that results from a divider with a changing division ratio, which is 

slower when compared to the speed of a system with a fixed division ratio. The 
difference in speed is due to the additional logic inserted in the loop to select the divider 
ratio which introduces longer delays into the loop. It is known to select the division ratio 
outside the loop by using the phase in quadrature from the divider to accelerate the 

3 0 system. A multiplexer (MUX) located after the divider places the proper phase at the 

output. Although selection of the division ratio in this manner may speed up the system 
operation, the problem of spurious frequency generation is still present because the 
MUX does not always return to its original phase. 

It would be desirable therefore to provide a fractional multi-modulus prescaler 
3 5 that overcomes the problems generally associated with known prescalers. 
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It is an object of the present invention therefore to provide a fractional multi- 
modulus prescaler without modulus caused spurious frequencies. 

Summary of the Invention 
5 The present invention provides a fractional multi-modulus prescaler without 

modulus caused spurious frequencies. In one aspect of the invention, the fractional 
multi-modulus prescaler operates directly on the input frequency signal which is input to 
a polyphase filter. The polyphase filter produces one or more output phase signals 
having a phase difference of 90 degrees relative to one another. A multiplexer is 

1 0 coupled to the output of the polyphase filter and selects the one or more output phase 

signals in response to a multiplexer control signal. An asynchronous divide-by-N 
divider has its input coupled to the output of the multiplexer. The asynchronous divide- 
by-N divider generates an output frequency signal in accordance with the one or more 
selected output phase signals. A phase control generates the multiplexer control signal 

15 in response to the presence of an input D-CTRL signal, a MOD signal and a feedback 

signal generated by the divide-by-N divider, whereby the output frequency signal is a 
desired fractional multiple of the input frequency signal. 

Brief Description of the Drawings 
2 0 Other features, benefits and advantages of the present invention become readily 

evident from the following written description taken in conjunction with the drawings 
wherein: 

FIG. 1 is a block diagram of a representative phase locked loop frequency 
synthesizer showing a prescaler in the feedback loop; and 

2 5 FIG. 2 is a schematic functional block diagram of a fractional multi-modulus 

prescaler embodying the present invention. 

Detailed Description of Preferred Embodiments 

A functional block diagram of a representative phase locked loop frequency 

3 0 synthesizer having a prescaler in the feedback loop is illustrated in Fig. 1 and generally 

designated 10. The phase locked loop frequency synthesizer 10 is a general class known 
as fractional-N phase locked loop frequency synthesizers and includes a phase frequency 
detector 12, a loop filter 14 and a voltage-controlled oscillator (VCO) 16. A prescaler 18 
and a divider 20 are located in the feedback loop between the VCO output and an input 
35 to the phase frequency detector. A reference frequency F ref is applied to the input 22 of 
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the phase frequency detector 12 along with the output 24 of the divider 20, which is fed 
to the input 26 of the phase frequency detector 12. The output 28 of the VCO 16 is a 
frequency F out that is related to the input frequency F ref by a scaling factor as determined 
by the combination of the prescaler 18 and the divider 20. The prescaler 18 may be a 
5 multi-modulus prescaler which offers different scaling factors, for example, a dual- 

modulus prescaler offers two different scaling factors and a four-modulus prescaler 
offers four different scaling factors. The principles of operation of a phase locked loop 
frequency synthesizer as illustrated in Fig. 1 are generally well understood by those 
skilled in the art of frequency synthesis employing phase locked loops with a division 

1 0 function in the feedback loop. It will also be appreciated that the frequency F out at the 

VCO output 28 is an integer multiple of the input frequency F re f or may be a fractional 
multiple of the input frequency F re fby controlling the prescaler 18 and divider 20. 

Turning now to Fig. 2, a schematic functional block diagram of a fractional 
multi-modulus prescaler embodying the present invention is illustrated therein and 

15 generally designated 100. The prescaler 100 comprises a polyphase filter 102, a 

multiplexer (MUX) 104, a divide-by-N divider 106 and a phase control 108. The divide- 
by-N divider 106 is comprised of a number of dividers in accordance with the number of 
the modulus and corresponding to the output frequency multiple to be generated. The 
input signal to the multi-modulus 100 is a differential signal PM generated by a VCO; 

2 0 i.e., the VCO output frequency of the VCO in the frequency synthesizer with which the 

prescaler 100 is used. The input signal PM is a differential signal and is applied across 
the input 110, 112 of the polyphase filter 102 and functions as the clock signal to the 
polyphase filter. The polyphase filter 102 operates to separate the input signal into a 
quadrature signal or four separate signals having a 90-degree phase difference relative to 

2 5 one another and are output on the leads 114, 116, 118, 120. The output leads 114, 116, 

118, 120 correspond to 0-degree phase, 90-degree phase, 180-degree phase and 270- 
degree phase, respectively. The outputs 114, 116, 118, 120 of the polyphase filter 102 
are input to the multiplexer 104. The phase control 108 has an output 122 coupled to the 
multiplexer 104 to control the multiplexer, as described below. The phase control 108 

3 0 operates in response to the input control signal D-CTRL on input 124, the MOD signal 

on input 126 and the feedback signal from the output 128 of some divider in the divider 
chain of the divide-by-N divider 106. The feedback signal from the output 128 is 
applied to the input 130 of the phase control 108 and is selected from the appropriate 
divider to produce the desired division ratio of the prescaler 100. The D-CTRL signal is 
3 5 a digital word and, for example, may be three bits long, thus providing a digital word 
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having eight possible combinations. The D-CTRL signal word is generated external to 
the multi-modulus by the system and contains information relating to the phase of the 
signal to be selected from the polyphase filter. The phase control 108 is disabled when 
the MOD signal at input 126 is a logical "low," resulting in only one of the four input 
signals to the MUX from the output 114, 116, 118, 120, respectively, of the polyphase 
filter being selected and connected to the output on leads 132, 134 of the multiplexer 
104. The output of the multiplexer on leads 132, 134 is connected to the input 136, 138 
of the divide-by-N divider 106. The output signal across the multiplexer output leads 
132, 134 functions as the clock signal to the input 136, 138 of the divide-by-N divider 
106. The divide-by-N divider 106 is an asynchronous divide-by-N divider, where N is 
an integer power of 2, and therefore the output frequency F out at the output 140 of the 
divider 106 is N times smaller than the input reference frequency. The prescaler 100 
performs basic division when the multiplexer 104 is not enabled. 

The phase control 108 is enabled when the MOD signal at the input 126 is a 
logical "high." Depending upon the control word D-CTRL at the input 124, the phase 
control 108 causes the multiplexer 104 to select different phases from the polyphase 
filter 102 outputs on the leads 114, 116, 118, 120, respectively, to connect the selected 
phase to the divide-by-N divider 106. Thus, the prescaler can be a signal/dual/multi- 
modulus prescaler in accordance with the control word D-CTRL. 

The prescaler 100 of the present invention is able to perform other than basic 
division in the following manner. The multiplexer 104 is enabled and the output signal 
122 of the phase control 108 is changed so that the multiplexer 104 connects the selected 
signal delayed 90 degrees with respect to the signal present at the input to the output 132, 
134 of the multiplexer 104. If the signal present has a period T 0 and the delay is equal to 
90 degrees with respect to the signal, the delay is 0.25 x T 0 . From this it follows that in 
general the division ratio is N + C/4, where C is the number of changes in the 
multiplexed signal per the output frequency F out period. When the output signal 122 of 
the phase controller 108 is switched, for example, four times in the period of the output 
frequency F out , the division ratio of the prescaler is N + 1 . 

Since the input signal is operated on directly by the polyphase filter to create 
the 90-degree phase difference relative to the input signal, it is possible to multiplex 
the input signal frequency. Although the modulus in the frequency synthesizer may 
be set to any number, the multiplexer passes through all phases (M x 4 x 90 degrees = 
M x 360 degrees) where M is the number of modulus pulses and returns to its original 
phase. Applicant has found that if the output signal of the multiplexer does not return 
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to its original phase within the modulus, spurious frequencies result which depend on 
the time period starting from original-phase back to original-phase. Thus, the 
operation of the fractional multi-modulus prescaler of the present invention eliminates 
spurious frequencies as a result of the multiplexer always returning to its original 
phase regardless of the number of the modulus. 

It will be understood that the fractional multi-modulus prescaler of the present 
invention is not to be considered as limited to the specific embodiments described 
above and shown in the drawings, which are merely illustrative as the best mode 
presently contemplated for carrying out the invention and may be implemented 
utilizing a number of different techniques to carry out the functions described, as may 
be obvious to those skilled in the frequency synthesis art, but rather that the invention 
is intended to cover all such variations, modifications and equivalents thereof as may 
be deemed to be within the scope of the claims appended hereto. Therefore the 
invention has been described by way of illustration rather than limitation. 


